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The increasing incidence of infections caused by multidrug-resistant Pseudomonas aeruginosa is a worldwide
health problem. Because no new antipseudomonal agents are expected to be available in the near future, we
evaluated the safety and efficacy of colistin, an old drug with bactericidal activity against this organism. We
collected clinical and demographic data on 95 cancer patients diagnosed with infections caused by multidrug-
resistant P. aeruginosa between January 2001 and January 2004 and treated with either colistin (colistin group)
or at least one active antipseudomonal agent (a beta-lactam antibiotic or a quinolone) (control group). We
compared the results obtained for both groups. Thirty-one patients had been treated with colistin and 64 had
been treated with an antipseudomonal non-colistin-containing regimen. Compared with the control group,
patients in the colistin group had a lower median age (52 and 62 years, respectively; P � 0.012) but were more
likely to have had nosocomial infections (87% and 64%, respectively; P � 0.02). Twenty-five patients (81%) in
the colistin group and 40 patients (63%) in the control group had an APACHE II score of >15 (P � 0.074). The
overall clinical response rates were 52% in the colistin group and 31% in the control group (P � 0.055).
Multiple logistic regression analysis showed that those patients treated with colistin were 2.9 times (95%
confidence interval, 1.1 to 7.6 times) more likely than those in the control group to experience a clinical
response to therapy (P � 0.026). Colistin therapy was at least as effective and as safe a beta-lactam antibiotic
or a quinolone in the treatment of infections caused by multidrug-resistant P. aeruginosa and, hence, may be
a useful or preferred alternative therapy for this infection in cancer patients.

The increasing incidence of multidrug-resistant (MDR)
Pseudomonas aeruginosa is a worldwide problem (2, 5, 8, 24,
33), particularly among critically ill patients, such as patients
with leukemia and hematopoietic stem cell transplantation re-
cipients. MDR P. aeruginosa is associated with significant mor-
bidity and mortality (9, 21, 29); and P. aeruginosa infections
constitute the leading cause of serious health care-associated
infections and are responsible for increased lengths of hospital
stay, severe illness, death, and increased cost (6). P. aeruginosa
is the most common nosocomial organism that causes ventila-
tor-associated pneumonia (14). Several studies have shown
that ventilator-associated pneumonia due to MDR P. aerugi-
nosa has a worse outcome than that due to other pathogens.

These infections are difficult to treat due to the limited
therapeutic options. Colistin has excellent in vitro activity
against many species of gram-negative organisms and was pre-
viously among the few agents used to treat serious infections
due to Pseudomonas bacteremia. However, colistin use has
been limited because it had limited clinical efficacy and signif-
icant nephrotoxicity and neurotoxicity (12, 13, 17, 36). Hence,
it was eventually replaced by gentamicin and carbenicillin, two
safer and more effective agents. However, because no new

antipseudomonal agents (31) are expected to be available in
the near future, there has been growing interest in the use of
colistin for the treatment of infections caused by MDR gram-
negative organisms. In this study, we evaluated the efficacy and
safety of intravenous colistin as therapy for MDR P. aeruginosa
infections in a retrospective cohort study.

(A portion of this material was presented in part as an
abstract at the 43rd Annual Meeting of the Infectious Diseases
Society of America, San Francisco, CA, 6 to 9 October 2005.)

MATERIALS AND METHODS

Patient selection. This retrospective cohort study was performed at The Uni-
versity of Texas M. D. Anderson Cancer Center in Houston. After obtaining
Institutional Review Board approval, we selected cancer patients with MDR P.
aeruginosa infections from infection control surveillance records and the micro-
biology laboratory database. Patients had been treated in the clinic or inpatient
ward during the 3-year period from January 2001 to January 2004 with intrave-
nous colistin (colistin group) or at least one antipseudomonal agent other than
colistin (a quinolone or a beta-lactam antibiotic with or without aminoglycosides
to which the organism was susceptible in vitro) (control group). All patients who
were included in this study were infected with a strain of Pseudomonas that was
resistant to at least three of the five groups of antibiotics (carbapenems, quino-
lones, piperacillin-tazobactam or ticarcillin-clavulanic acid, cefepime or ceftazi-
dime, and aminoglycosides). Patients were treated with colistin either because
there was no other antibiotic to which the infecting organism was susceptible or
the patients were failing to respond or were showing no clinical improvement to
the current regimen, despite the in vitro susceptibility of the organism to the
regimen.

Data collection. Clinical and demographic data were collected from the pa-
tients; their charts; and computerized administrative, pharmacy, and laboratory
databases at the M. D. Anderson Cancer Center.
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Dosing of colistin. Colistin (Coly-Mycin M Parenteral; Monarch Pharmaceu-
tical, Bristol, TN) was administered intravenously at a dose of 5 mg/kg of body
weight colistin base activity per day in two to four divided doses. The patients
receiving hemodialysis were dosed with a 2.5-mg/kg loading dose on day 1 and
then 1.5 mg/kg every 36 h of colistin base activity. The colistin dose was based on
the recommendations in the package insert for anuric patients, as colistin is not
effectively removed by hemodialysis. The ideal body weight was used.

Definitions. We used Centers for Disease Control and Prevention criteria to
define MDR P. aeruginosa infection (16). An MDR P. aeruginosa isolate was
defined as an organism that was resistant to at least three of the five antipseu-
domonal classes of antimicrobial agents: carbapenems, quinolones, piperacillin-
tazobactam or ticarcillin-clavulanic acid, cefepime or ceftazidime, and aminogly-
cosides. None of the patients received a monobactam. The Pseudomonas isolates
were identified by the classic microbiologic method. Briefly, colonies compatible
with P. aeruginosa (gram negative, non-lactose-fermenting, oxidase-positive [usu-
ally with pyocyanin] colonies with a distinctive odor) were submitted for to
testing with the Vitek GNI system (product number V1316) or the API 20E
system (both from MioMerieux, Marcy l’Etoile, France) for final identification.
Alginate producers or unusual organisms were subjected to 16S rRNA sequenc-
ing if necessary.

Antimicrobial susceptibility testing was performed according to the guidelines
of the CLSI (formerly the National Committee for Clinical Laboratory Stan-
dards), and the Etest was used (AB Biodisk, Solna, Sweden) to determine MDR
(23). In particular, susceptibility to colistin was determined by the Etest agar
diffusion method (AB Biodisk). The MIC was read at 24 h and was reported as
a numeric MIC without interpretation. For P. aeruginosa, colistin MICs equal to
or above the peak serum level of 4 �g/ml were considered resistance. Clinical
responses below this MIC have been demonstrated for P. aeruginosa. These
levels correspond to the manufacturer’s recommendation for the investigational
use of colistin and agree with recent tentative CLSI guidance for Acintobacter
and colistin.

The site of the infection was determined by the clinical signs and symptoms of
individual patients, imaging results, and the isolation of P. aeruginosa from
clinical specimens collected from the designated site.

Pneumonia was diagnosed as the presence of a new or progressive infiltrate,
consolidation, or cavitation on chest radiographs. In addition, patients must have
had a temperature of �38°C, leukopenia (leukocyte count, �4,000/mm3), or
leukocytosis (leukocyte count, �12,000/mm3). Bacteremia was defined as the
isolation of a Pseudomonas isolate from one or more blood culture specimens.
Urinary tract infections (UTIs) were defined as the isolation of the organism
from a urine specimen, with positive urinalysis results and signs and symptoms of
UTIs. The therapy for the MDR P. aeruginosa infection was considered appro-
priate when at least one effective drug was used in the therapeutic regimen within
48 h of the development of signs of infection. The outcome of infection was
assessed on day 6 as well as at the end of therapy because this has been shown
in a previous study to be the mean time to the resolution of the clinical parameter
(28). Monotherapy was defined as treatment with only one drug that is active
against the Pseudomonas isolate from the regimen given to the patient. The
treatment outcomes for the patients were classified as follows: (i) clinical re-
sponse at day 6 and at the end of therapy, resolution of fever, leukocytosis, and
local signs and symptoms of infection at day 6 at well as the end of therapy; (ii)
microbiologic response, eradication of the organism that caused the infection, as
evidenced by repeated negative culture at the end of therapy; (iii) failure, the
absence of a resolution or the worsening of the signs and symptoms of infection;
and (iv) relapse, a recurrence of the infection with the same organism at any body
site within a month after the discontinuation of therapy.

Neutropenia was defined as an absolute neutrophil count of �500 cells/mm3.
Nephrotoxicity was defined as an increase in the serum creatinine level of 50%
or by 1 mg/dl with respect to the baseline level during therapy. The baseline and
the final serum creatinine values were evaluated as the levels before the initiation
of therapy and within 2 days after the administration of the last dose of therapy.

Statistical analysis. Chi-square or Fisher’s exact test was used to compare
categorical variables, as appropriate. Continuous variables were compared by
Wilcoxon rank sum tests due to the significant deviation of the data from the
normal distribution. All tests were two sided, and statistical significance was set
at a P value of �0.05.

In addition to the general analyses, subset analyses were performed for dif-
ferent subgroups by comparing the outcomes between the colistin patients and
the control patients.

Furthermore, logistic regression was used to determine the adjusted effect
of therapy on each of the three outcomes: clinical response, microbiologic
response, and infection-related death. The factors that we evaluated included
age, underlying disease, stay in an intensive care unit (ICU) during infection,

APACHE II score, hemodialysis within 30 days prior to a positive culture,
neutropenia (defined as an absolute neutrophil count of �500 cells/mm3)
during infection, hospital admission within 30 days prior to infection, noso-
comial infection, whether the organisms were resistant to the antibiotics in
the five antibiotic groups, whether the patient had bacteremia or pneumonia,
and the number of antibiotic groups used for therapy. First, univariate anal-
yses were performed to evaluate the predictive effect of each factor alone.
Then, in addition to treatment, any factor whose univariate test result had a
P value of �0.25 was included in a full multiple logistic model. Finally, the
full model was reduced one factor at a time such that all factors remaining in
the model were statistically significant at a 5% significance level, except that
treatment remained in the model, regardless of its P value. Similar logistic
analyses were also performed for the monotherapy subgroup, when appro-
priate. All the statistical analyses were performed by using SAS software,
version 9.1 (SAS Institute, Cary, NC).

RESULTS

We identified 95 patients infected with MDR P. aeruginosa
during the study period: 31 had been treated with a colistin-
containing regimen and 64 had been treated with other anti-
pseudomonal agents. Most patients were male (colistin group,
71%; control group, 62%) (Table 1). The median age of the
control group (62 years; age range, 3 to 82 years) was signifi-
cantly higher than that of the colistin group (52 years; age
range, 10 to 72 years) (P � 0.012).

The type of underlying malignancy was significantly different
between the colistin group (leukemia, 64%; lymphoma/my-
eloma, 13%; and solid tumor, 23%) and the control group
(leukemia, 38%; lymphoma/myeloma, 14%; and solid tumor,
48%) (P � 0.033). The median APACHE II score was similar
for both groups (17 for the colistin group and 16 for the control
group; P � 0.38). The colistin-treated patients were more
likely than the control patients to have had a hospital admis-
sion within 30 days of the first positive culture (97% and 61%,
respectively; P � 0.0002) and more likely to have had a noso-
comial infection (87% and 64%, respectively; P � 0.02). Fur-
thermore, the patients in the colistin group were more likely
than those in the control group to have harbored a pseudomo-
nas strain with aminoglycoside resistance (61% and 34%, re-
spectively; P � 0.013) and with antipseudomonal penicillin
resistance (74% and 52%, respectively; P � 0.036). In the
overall population there was no difference between the colistin
group and the control group with respect to treatment with a
quinolone, cephalosporin, or penicillin. However, carbapen-
ems and aminoglycosides were more commonly used in the
control group than in the colistin group (72% and 35%, re-
spectively, for carbapenems [P � 0.007] and 67% and 42%,
respectively, for aminoglycosides [P � 0.019]).

Univariate and multiple logistic regression analyses for out-
comes. In the univariate analysis, no outcome variables at day
6 and the end of the therapy, including clinical response, mi-
crobiologic response, and infection-related mortality, were sig-
nificantly different between the colistin and control groups,
although there was a trend for a clinical response in favor of
the colistin group (Table 2). Among the 13 patients who re-
ceived colistin with other drugs, 5 had a clinical response. Of
those, three received an active agent, while the other two
received no active alternative antipseudomonal agents (Table
3). The nephrotoxicity rates were similar for both groups: 7
(23%) in the colistin group and 14 (22%) in the control group
(P � 0.94). However, the multiple logistic regression analysis
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indicated a significantly higher clinical response rate in patients
who received colistin (odds ratio [OR], 2.9; 95% confidence
interval [CI], 1.1 to 7.6; P � 0.026) but no difference in the
microbiologic response rate (OR, 1.7; 95% CI, 0.7 to 4.3; P �
0.24) (Table 4). In the cohort of 95 patients there were 19
infection-related deaths (20%). According to a chi-square test,
there was no significant difference in the infection-related mor-
tality rate between the two treatment groups (26% for the
colistin group and 17% for the control group; P � 0.33). The
two predictors of infection-related death were an underlying
diagnosis of leukemia (OR, 5.0; 95% CI, 1.3 to 19.4; P � 0.019)
or lymphoma/multiple myeloma (OR, 11.3; 95% CI, 1.7 to
72.7; P � 0.019) and ICU stay (OR, 14.2; 95% CI, 2.7 to 74.7;
P � 0.0018).

Patients in ICU at the time of infection. The critically ill
patient subgroup analysis contained 21 patients in the colistin
group and 37 patients in the control group. These two treat-
ment groups were not significantly different with respect to any
of the outcome variables (data not shown).

TABLE 1. Demographic and clinical characteristics of patients in colistin and control groups

Characteristic Colistin group (n � 31) Control group (n � 64) P value

Median (range) age (yr) 52 (10–72) 62 (3–82) 0.012

Sex (no. [%] of patients)
Male 22 (71) 40 (62) 0.42
Female 9 (29) 24 (38)

Underlying disease (no. [%] of patients) 0.033
Leukemia 20 (64) 24 (38)
Lymphoma/myeloma 4 (13) 9 (14)
Solid tumor 7 (23) 31 (48)

ICU stay (no. [%] of patients):
Within 30 days prior to infection 17 (55) 30 (47) 0.47
During infection 21 (68) 37 (58) 0.35

Median (range) APACHE II score 17 (11–27) 16 (7–32) 0.38

No. (%) of patients with:
Mechanical ventilation within prior mo 15 (48) 28 (44) 0.67
Hemodialysis within prior mo 8 (26) 8 (12) 0.10
Neutropenia within 30 days prior to infection 17 (55) 30 (47) 0.47

Median (range) duration (days) of neutropenia within 30 days prior to infection (3–31) (1–122) 0.89

Neutropenia during infection (no. [%] of patients) 14 (45) 24 (37) 0.48

Median (range) duration (days) of neutropenia during infection (2–118) (2–100) 0.32

No. (%) of patients with:
Pseudomonas infection or colonization (within prior year) 13 (42) 31 (48) 0.55
Polymicrobial infection 16 (52) 30 (47) 0.67
Hospital admission within 30 days prior to infection 30 (97) 39 (61) 0.0002
Nosocomial infection 27 (87) 41 (64) 0.02
Antibiotic resistance

Three classes 7 (23) 18 (28) 0.57
Four classes 7 (23) 26 (41) 0.083
Five classes 16 (52) 10 (16) 0.0002

Bacteremia 14 (45) 22 (34) 0.31
Pneumonia 17 (55) 30 (47) 0.47
UTI 0 7 (11) 0.056
Wound 0 5 (8) 0.17

Median (range) treatment duration (days) 20 (5–58) 20 (3–120) 0.53

TABLE 2. Overall outcomes and toxicity in colistin and
control groups

Outcome

No. (%) of patients

P valueColistin group
(n � 31)

Control group
(n � 64)

Nephrotoxicity 7 (23) 14 (22) 0.94

Clinical response at:
Day 6 16 (52) 20 (31) 0.055
End of therapy 16 (52) 22 (34) 0.11

Microbiologic response at:
Day 6 15 (48) 25 (39) 0.39
End of therapy 15 (48) 26 (41) 0.47

Relapse 3 (10) 7 (11) �0.99

Infection-related mortality 8 (26) 11 (17) 0.33

Overall mortality 19 (61) 30 (47) 0.19
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Patients with neutropenia at the time of infection. The “neu-
tropenic onset of infection” subgroup analysis contained 14
patients in the colistin group and 24 patients in the control
group. The two treatment groups were not significantly differ-

ent with respect to any of the outcome variables or toxicity
(data not shown).

Patients with bacteremia and patients with pneumonia.
Similarly, subgroup analyses showed no difference in any of the
outcome variables between the two groups of patients with
bacteremia and patients with pneumonia (data not shown),
although it showed a trend for the colistin group to have a
higher clinical response rate than the control group for pneu-
monia patients (47% and 20%, respectively; P � 0.09).

Monotherapy subgroup analyses. The monotherapy sub-
group included 18 patients treated with colistin and 35 patients
treated with a single antipseudomonal agent for MDR P.
aeruginosa. Of the patients who received monotherapy, those
in the colistin group were more likely than those in the control
group to experience a clinical response at day 6 (61% and 26%,
respectively; P � 0.012) and with a similar trend for microbi-
ologic response (61% and 34%, respectively; P � 0.062) (Table
5). Finally, multiple logistic regression analyses showed that
among the patients who were receiving monotherapy for
Pseudomonas infection, the colistin group had higher clinical
responses (OR, 11.3; 95% CI, 2.1 to 61.0; P � 0.0048) and
microbiologic responses (OR, 6.7; 95% CI, 1.5 to 30.4; P �
0.013) than the control group (Table 6).

DISCUSSION

An important finding in our study was that patients who
received colistin therapy had greater clinical responses at day 6
than the control group, although the rate of infection-related
mortality was not significantly different between the two
groups. Furthermore, colistin-treated patients who harbored
an MDR P. aeruginosa isolate resistant to all available anti-
pseudomonal drugs had higher clinical and microbiologic re-
sponses than the control group patients who harbored an
MDR P. aeruginosa isolate susceptible to only one antipseu-
domonal drug. We did not encounter a higher incidence of
nephrotoxicity in the colistin group. The incidence of nephro-
toxicity observed in our study is consistent with the results
reported in other studies (15, 19, 20). All of these findings

TABLE 3. Analysis of clinical response by antibiotic class among
patients who received colistin with other drugs (n � 13)

Antibiotic used along
with colistin

No. of
patients

No. (%) of patients
with a clinical

response

Aminoglycosides 8 2 (25)
Active 6 1 (17)
Nonactive 2 1 (50)

Carbepenems 4 1 (25)
Active 1 1 (100)
Nonactive 3 0 (0)

Cephalosporins 7 2 (29)
Active
Nonactive 7 2 (29)

Fluoroquinolones 8 1 (13)
Active
Nonactive 8 1 (13)

Penicillins (antipseudomonal) 8 2 (25)
Active 6 2 (33)
Nonactive 2 0 (0)

TABLE 4. Multiple logistic regression models for outcomes (n � 95)

Outcome and variable No. of
patients OR (95% CI) P value

Clinical response
ICU stay during infection 0.0054

No 37 3.7 (1.5, 9.2)
Yes 58 1.0

Treatment 0.026
Colistin 31 2.9 (1.1, 7.6)
Control 64 1.0

Microbial response
ICU stay during infection 0.0053

No 37 3.5 (1.5, 8.4)
Yes 58 1.0

Treatment 0.24
Colistin 31 1.7 (0.7, 4.3)
Control 64 1.0

Infection-related death
Underlying disease 0.019

Leukemia 44 5.0 (1.3, 19.4)
Lymphoma/myeloma 13 11.3 (1.7, 72.7)
Solid tumor 38 1.0

ICU stay during infection 0.0018
Yes 58 14.2 (2.7, 74.7)
No 37 1.0

Treatment 0.92
Colistin 31 1.1 (0.3, 3.5)
Control 64 1.0

TABLE 5. Outcomes for patients receiving monotherapy for
Pseudomonas aeruginosa infection

Outcome

No. (%) of patients

P valueColistin group
(n � 18)

Control group
(n � 35)

Nephrotoxicity 4 (22) 5 (14) 0.47

Clinical response at:
Day 6 11 (61) 9 (26) 0.012
End of therapy 11 (61) 11 (31) 0.038

Microbiologic response at:
Day 6 11 (61) 12 (34) 0.062
End of therapy 11 (61) 13 (37) 0.097

Relapse 0 2 (6) 0.54

Infection-related mortality 4 (22) 9 (26) �0.99

Overall mortality 12 (67) 16 (46) 0.15
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suggest that colistin may be an alternative therapy for cancer
patients with MDR P. aeruginosa.

Pseudomonas aeruginosa became a significant pathogen in
the late 1960s, causing approximately 17% of cases of nosoco-
mial respiratory tract infection and 11% of cases of bacteremia
(3). It was a serious threat to patients with impaired host
defenses, including those with extensive burn wounds (27),
cystic fibrosis, or severe neutropenia. In a study of cancer
patients with Pseudomonas bacteremia, many of whom had
severe neutropenia, only 14% survived their infection (35). In
a series of 12 studies of bacteremia caused by gram-negative
organisms completed before 1976, mortality rates varied from
37% to 77% (4).

The polymyxins such as colistin were the first antibiotics that
were highly active against P. aeruginosa in vitro, but they were
not very effective clinically. For example, the rate of recovery
from Pseudomonas bacteremia in persistently neutropenic can-
cer patients treated with polymyxins was less than 25%, and
similar results were observed in patients with burn wound
sepsis (35). It is difficult to explain the favorable response to
colistin compared to the responses to the other antibiotics
tested in this study. In a study of Pseudomonas bacteremia in
cancer patients conducted at the M. D. Anderson Cancer Cen-
ter in the 1960s, the response rate to polymyxins was only 24%,
whereas it was 14% among the 21 patients treated with other
antipseudomonal agents. Of interest, 33% of the patients were
already receiving polymyxin when Pseudomonas was initially
isolated from their blood. In a study by Curtin et al. (7), only
41.7% of the patients with Pseudomonas bacteremia responded
to polymyxins. A possible explanation for the poor response in
the 1960s may be due to improper dosing and/or the failure to
diagnose the Pseudomonas bacteremia, which led to the de-
layed initiation of antipseudomonal therapy. Also, it is possible
that patients receiving colistin monotherapy in this study actu-
ally continued to receive other antipseudomonal agents to

which the organisms were resistant in vitro. Although it was
considered ineffective, the combination of these agents with
colistin may have enhanced the patient outcome.

Potential therapeutic indications for colistin have been re-
ported, and three studies have assessed its use in the ICU (1,
22, 30). Levin et al. (19) reported a 58% response rate in a
series of 57 patients. Markou et al. (22) also reported clinical
cures in 73% of patients, but it is difficult to draw a conclusion
about the efficacy of colistin in their study because most of the
patients received other antipseudomonal agents. Unfortu-
nately, over the years, strains of P. aeruginosa have acquired
mechanisms that convey resistance to antibiotics (10). Re-
cently, strains have emerged that are resistant to multiple
classes of antibiotics and in some cases to all available therapy.
Some strains have been susceptible only to the polymyxins in
vitro (26).

Multiple studies have suggested that polymyxins are effective
and safe therapy for infections caused by these MDR strains.
However, the role of these antibiotics has not been definitively
established. Most studies have included only a small number of
patients and the polymyxin was administered in combination
with several other different antibiotics (30, 32). MDR has been
defined as in vitro resistance to from as few as three classes of
antibiotics to as many as all classes except polymyxins (1, 25).
In some studies all beta-lactams have been combined into
one class, whereas in other studies penicillins, cephalospo-
rins, monolactams, and carbapenems have been considered
separate classes (4, 34). In this study, MDR was defined as
resistance to at least three of five classes, which included
aminoglycosides.

This study differed from other studies reported in the liter-
ature in that all patients had underlying cancer. Sixty percent
of the patients had hematological malignancies and 40% were
neutropenic during their infection. Nearly half (48%) of the
patients had polymicrobial infections, which typically have a
poorer prognosis. As in other series, more than half of the
patients were treated for their infection in an ICU. There were
no statistically significant differences in these variables be-
tween the group treated with colistin and the group not treated
with colistin (the control group).

In our study 16 (52%) of the 31 patients treated with colistin
experienced a clinical response, whereas 20 (31%) of 64 pa-
tients treated with other antipseudomonal agents experienced
a clinical response, which is comparable to the results of other
studies reported in the literature (11, 18, 19, 20). A more
favorable outcome of a mortality rate of only 21% was re-
ported in a study from Israel of 82 patients with MDR P.
aeruginosa infections, but the therapies used were not men-
tioned (1). In our study, after adjusting for the potential con-
founders, we found from a multiple logistic regression analysis
that patients receiving colistin were three times (95% CI, 1.1 to
7.6 times) more likely to experience an overall response than
patients in the control group. Patients with pneumonia and
bacteremia typically experienced fewer responses than patients
with UTIs and wound infections. Only patients with pneumo-
nia and bacteremia received colistin; hence, they would be
expected to respond less frequently. However, the overall re-
sponse rate was higher for the colistin group, and colistin-
containing regimens were more effective against bacteremia
and pneumonia.

TABLE 6. Multiple logistic regression models for outcomes for
patients receiving monotherapy for Pseudomonas aeruginosa

infection (n � 53)

Outcome and variable No. of
patients OR (95% CI) P value

Clinical response
ICU stay during infection 0.0042

No 20 11.4 (2.2, 59.8)
Yes 33 1.0

Treatment 0.0048
Colistin 18 11.3 (2.1, 61.0)
Control 35 1.0

Microbial response
ICU stay during infection 0.0032

No 20 10.2 (2.2, 47.9)
Yes 33 1.0

No. of antibiotic groups used 0.019
Three or less 41 11.9 (1.5, 95.4)
More than three 12 1.0

Treatment 0.013
Colistin 18 6.7 (1.5, 30.4)
Control 35 1.0
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Among the patients receiving monotherapy, multiple logistic
regression analysis showed that patients in the colistin group
were more likely than patients in the control group to experi-
ence a clinical response (61% and 26%, respectively; P �
0.005) and microbiologic response (61% and 34%, respec-
tively; P � 0.013). Most of the comparators in the control
group received beta-lactam antibiotics or quinolones that were
active against the MDR P. aeruginosa isolates causing the in-
fection. These data further support the notion that colistin is
highly useful in the treatment of MDR P. aeruginosa in cancer
patients.

Overall in our study, 15 colistin-treated patients did not
experience a response and 8 (53%) died of infection; among
the patients in the control group, 44 patients did not experi-
ence a response and 11 (25%) died of infection. We found a
higher mortality rate among the group of patients who did not
respond to colistin than among the controls who did not re-
spond to other antipseudomonal drugs (53% and 25%, respec-
tively). This could be explained either by the difference in the
severity of the infection in the colistin group or by a late
response to an antipseudomonal drug after day 6 in the control
group. Furthermore, in this patient population it is difficult to
attribute death to a specific cause. In the majority of cases the
cause of death was multifactorial. In our study infection-re-
lated mortality was defined as the death of a patient with
septicemia due to Pseudomonas at the time of death without
any other apparent source. On the other hand, the high overall
rate of mortality noted in Table 2 was most likely due to the
underlying refractory diseases and the multiorgan failure.

Our study has some important limitations in that it was a
small retrospective chart review study in which we were unable
to assess all of the needed detailed information, which can be
obtained in a well-designed prospective trial. In addition, there
was no standard pattern for the selection of the antibiotics,
especially in terms of the duration and combination with other
antipseudomonal agents, regardless of the susceptibility pat-
terns of the causing organisms.

In summary, our study demonstrated that colistin is highly
useful as a preferred alternative agent and it was at least as
effective as or even more effective than beta-lactams or quin-
olones in the treatment of MDR P. aeruginosa infection in
cancer patients. Furthermore, the safety profile of colistin in
this population was comparable to that of the other conven-
tional antipseudomonal therapy. The issue of whether colistin
is superior to other antipseudomonal therapy needs to be fur-
ther verified through larger prospective clinical trials.
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